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Description 

This invention relates to a method for the production of a flam -retardant polymeric material and to a material 
obtained by means of the said method. 

Red phosphorus and phosphorus-containing compounds are known, individually, as being capable of conferring 
flame-retardant properties on some polymeric materials (eg: polyamides), though not on others (eg. styrene-based 
polymers and some olefinic polymers). For each polymer to be treated, there has been found to be a "criticar level of 
flame-retardant additives, above which flammability of the polymer can in fact be enhanced and below which no ac- 
ceptable degree of flame-retardancy can be attained. 

We have, unexpectedly, found that a blend of red phosphonjs with certain phosphorus-containing compounds 
leads to an effective and economic flame-retardancy of styrenic polymers. 

Accordingly, the present invention provides a method for the production of a flame-retardant styrenic composition 
consisting of a styrenic polymer selected from high -impact polystyrene, styrene/butadiene copolymers, styrene/acry- 
lonitrile copolymers, acrylonitrile/butadiene/ styrene terpolymers and styrene/butadiene/styrene terpolymers, a flame 
retardant additive and optionally one or more heat stabilisers, light stabilisers, anti-oxidants. anti-static agents, pig- 
ments, fillers, lubricants, plasticisers. impact strength modifiers, coupling agents or processing acids, wherein said 
polymer is compounded with the flame-retardant additive, characterised in that said additive consists of a blend of 

(a) from 0.5 to 15% (by weight of the polymer) of red phosphorus and 

(b) from 0.5 to 50% (by weight of the polymer) of a water-insoluble phosphorus-containing compound selected 
from melamine phosphate, melamine pyrophosphate, and ethylene diamine phosphate. 

The present invention also provides a flame-retardant styrenic polymer made by the method described in the 
immediately-preceding paragraph. 

Suitably the polymer may be compounded with from 2% to 10% (especially from 5% to 10%) by weight of (a) and 
from 2% to 20% (especially from 5% to 10%) by weight of (b). Wherever "percentage by weight" is referred to in this 
specification and claims, the quantities are related to the weight of the polymer 

Preferred embodiments of the present invention will be illustrated,, merely by way of example, as follows: 

In Examples 1 and 2, powdered polystyrene (High Impact Grade NESTE* SB 735) was processed in 2Kg-batches 
with the indicated additives and blends. Processing was carried out in a Betol Twin -Screw Extruder at 240" C. 

Strips of the extruded material, of thickness ranging from 0.79 to 6.35mm (1/32 to 1/4 inch), were subjected to the 
flammability test prescribed in American National Standard UL-94 Vandthe Limiting Oxygen Index (LOI)test prescribed 
in ASTM D2863-77. 

Two examples illustrating the invention are given in TABLE 1 below as EXAMPLES 1 and 2. COMPARATIVE 
EXAMPLES 1 and 2 show the effect of red phosphorus alone and a red phosphorus-melamine blend respectively on 
the flammability of polystyrene: 



TABLE 1 



Ex 


Additive % by weight 


LOI %02 


UL-94V (a) 








1/4" 6.35 


1/8" 3.175 


1/16" 1.59 


1/32" 
0.79 mm 


1 


redP 

6.9% 

melamine 

phosphate 

8.1% 


232 


V-0 


V-0 


V-2 


V-2 


2 


red P 

6.9% 

melamine 

pyrophosphate 

8.1% 


233 


V-0 


V-2 


V-2 


NR 


Comp Ex 

1 ■ 


red P 15% 


230 


v-0 


NR 


NR 


NR 



* Registered Trade Mark 



EP0 533 102 B1 



TABLE 1 (continued) 



Ex 


Additive % by w igiit 


LOI %Q2 


UL-94V (a) 








1/4' 6.35 


1/8" 3.175 


1/16- 1.59 


1/32" 
0.79 mm 


Comp Ex 
2 


red P 9% 
melamine 6% 


23.2 


NR 


NR 


NR 


NR 



10 (a) Flammability resutts are shown as: 
V-0 Non-burning 
V-1, V-2 Self-extinguishing 
or NR Not Rated 

A further three examples illustrating the invention are given in TABLE 2 below as EXAMPLES 3 to 5. COMPARA- 
15 TIVE EXAMPLES 3 to 5 show the effect of red phosphorus alone on the relevant polymers. 

In Examples 3 to 5. a red phosphorus - melamine phosphate blend was evaluated in three styrenic polymers. 
The polymer grades used were as follows: 

High-Impact Polystyrene (HIPS) - BP 4230 grade 

20 

Acrylonitrile/butadiene/styrene (ABS) - Lucky 151 grade 

Styrene/acjyIonitrile (SAN) - Enichem KOSTIL* AF1-2000PA grade 

25 In these examples 500g batches were processed on a PRISM* laboratory twin-screw extruder. Moulded specimens 

of the extruded materials were tested as in Examples 1 and 2, and the results are shown below in TABLE 2: 



TABLE 2 



30 


Ex 


Additive % by weight 


Polymer 


LOI 
%02 


UL-94V (a) 












1/4" 
6.35 


1/8" 
3.175 


1/16" 
1.59 


1^2" 
0.79 
mm 


35 


3 


red P 

6.9% 

melamine 

phosphate 

8.1% 


HIPS 

(BP4230 

grade) 


23.5 


V-0 


V-0 


V-2 


V-2 


40 
45 


4 


redP 

6.9% 

melamine 

phosphate 

8.1% 


ABS 
(Lucky 
151 
grade) 


23.2 


V-0 


v-2 


V-2 


V-2 


50 


5 


RedP 

6.9% 

melamine 

phosphate 

8.1% 


SAN 

(Enichem 
Kostil 
AFI-2000 
PA grade) 


23.9 


v-0 


V-2 


V-2 


V-2 




Comp 
Ex 3 


red P 15% 


HIPS (BP 

4230 

grade) 


22.7 


v-o 


NR 


NR 


NR 



55 



3 
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TABLE 2 (continued) 



HX 


AaQiiivo /o oy weigm 


"oiyrner 


1 OI 
%02 


UL-94V (a) 










1/4" 
6.35 


1/8- 
3.175 


1/16- 
1.59 


1^2- 
0.79 
mm 


Comp 
Ex 4 


red P 15% 


ABS 

(Lucky 

151 

grade) 


22.8 


V-O 


NR 


NR 


V-2 


Comp 
Ex 5 


red P 15% 


SAN 

(Enichem 
Kostii 
AFI-2000 
PA grade) 


22.1 


V-1 


V-2 


V-2 


V-2 



(a) Flammability results are shown as; 

V-O Non-burning 

V-1, V-2 Self-extinguishing 
or NR Not Rated 



Claims 

1. A method for the production of a flame -retardant styrenic composition consisting of a styrenic polymer selected 
from high-impact polystyrene, styrene/butadiene copolymers, aery Ion itrile/butadiene/styreneterpolymers, styrene/ 
butadiene/sty rene terpolymers, and styrene/acrylonitrile copolymers, a flame-retardant additive and optionally one 
or more heat stabilisers, light stabilisers, anti-oxidants, anti-static agents, pigments, fillers, lubricants, plasticisers, 
impact strength modifiers, coupling agents or processing acids, wherein said polymer is compounded with the 
flame-retardant additive, characterised in that said additive consists of a blend of 

(a) from 0.5 to 1 5% (by weight of the polymer) of red phosphorus and 

(b) from 0.5 to 50% (by weight of the polymer) of water-insoluble phosphorus-containing compound selected 
from melamine phosphate, melamine pyrophosphate and ethylene diamine phosphate. 

2. A method according to Claim 1 , characterised in that said blend comprises from 2% to 10% by weight of (a) and 
f rom 2% to 20% by weight of (b). 

3. A method according to Claim 1 or 2, characterised in that said blend comprises from 5% to 10% by weight of (a) 
and from 5% to 1 0% by weight of (b). 



Patentanspruche 

1. Vertahren zur Herstellung einer flammhemmenden styroiischen Zusammensetzung, bestehend aus 

einem styroiischen Polymer ausgewahit aus hochschlagfestem Potystyrol, Styrol/Butadien-Copolymeren, 
Acrylnitril/Butadien/Styrol-Terpolymeren, Styrol/Butadien/Styrol-Terpolymeren und Styrol/Acrylnitril-Copoly- 
meren, 

einem flammhemmenden Additiv, und 

wahlweise einem Oder mehreren der nachstehenden Zusatze, ausgewahit aus Warmestabilisatoren, Licht- 
schutzmittel, Oxidationsschutzmittel, Antistatikmittel, Pigmente, Fullstoffe, Schmiennittel, Weichrnacher; 
schlagzahmachende Hilfsstoffe, Haftverrnrttier, und Verarbeitungshilfsmittel, 
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wobei das Polymer mtt dem flammhemmendem Additiv compoundiert ist, 
dadurch qekennzeichnet. daB 

dieses flammhemmende Additiv besteht aus einem Gemisch aus 

(a) 0,5 bis 15 Gew.-%, bezogen aut das Gewicht des Polymers, roter Phosphor; und 

(b) 0,5 bis 50 Gew.-%, bezogen auf das Gewicht des Polymers, wasserunlosliche phosphorhattiga Verbindung, 
ausgewahit aus Melamin-phosphat, Metamin-pyrophosphat und Ethylen-diamin-phosphat. 

2. Verfahren nach Anspruch 1 , 
dadurch qekennzeichnet. daO 

dieses Gemisch besteht aus 2 bis 10 Gew.-% Komponente (a) und 2 bis 20 Gew.-% Komponente (b). 

3. Verfahren nach Anspruch 1 Oder 2, 
dadurch qekennzeichnet. da3 

dieses Gemisch besteht aus 5 bis 10 Gew,-% Komponente (a) und 5 bis 10 Gew.-% Komponente (b). 



Revendicatlons 

1. Proc6d6 de production d'une composition styr6nique retardatrice de flamme constitute d'un polymere styrenique 
selection ne parmi le polystyrene de haute resistance aux chocs, les copofym&res de styrene et de butadiene, les 
copolymdres de styrfene et d'acrylonitrile, les terpolymeres d'acrylonitrile. de butadiene et de styrene et les terpo- 
lym6res de styrdne, de butadiene et de styr6ne» d'un addttif retardateur de flamme et, en option, d'un ou plusieurs 
stabilisants a la chaleur, stabilisantsd la lumiere, antioxydants, antistatiques, pigments, charges, lubrtfiants, pias- 
tifiants, amplificateurs de resistance aux chocs, agents d© couplage ou agents auxitiaires de traitement, procede 
dans lequel ted it polymere est combine k I'additif retardateur de flamme, caracttrist en ce que ledit additif est 
constitu6 d'un melange de : 

(a) 0,5 ^ 15 % (en poids du polymere) de phosphore rouge, et de 

(b) 0,5 ^ 50 % (en poids du polymere) d'un compose contenant du phosphore et insoluble dans I'eau selec- 
tionne parmi la melamine phosphate, la melamine pyrophosphate et I'tthyldnediamine phosphate. 

2. Procedt selon la revendication 1, caracterise en ce que ledit melange comprend 2 ^ 10 % en poids de (a) et 2 ^ 
20 % en poids de (b). 



3. 



Procede selon la revendication 1 ou 2, caracterisd en ce que iedit melange comprend 5 a 10 % en poids de (a) et 
5 A 10 % en poids de (b). 



